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(57) ABSTRACT 

Provided a fuel injection industrial engine E capable of 
determining a fuel injection quantity and an injection timing 
by a simple structure. The engine E includes a fuel injector 
6 for injecting a fuel into intake air; ignition coils 31 and 32 
for activating ignition plugs by generating an ignition signal 
Synchronized with the rotation of the engine E, and an 
injection control device 5 for controlling the injection quan 
tity and the injection timing of the fuel injector 6 by 
determining the engine Speed (or the rotating speed) and 
phase on the basis of an ignition current Signal e extracted 
from a primary Side of Said ignition coils 31 and 32. 

11 Claims, 4 Drawing Sheets 
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NJECTION CONTROL 
DEVICE 
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31,32. IGNITION COIL 
41,42: IGNITION PLUG 
e: IGNITION CURRENTSIGNAL 

FIG. 2 
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FUEL INJECTION ENGINE 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention relates to a fuel injection control of 
a fuel injection engine and, more particularly, a fuel injection 
type general-purpose engine capable of Setting a fuel injec 
tion quantity and an injection timing with a simple Structure. 

2. Description of Related Art 
In general, general-purpose engines adopt a carburetor in 

a fuel System, and the So-called “magnet ignition System” in 
the ignition System in order to Suppress the manufacturing 
cost of the engine. 

The magnet ignition System includes: a flywheel mounted 
on the crankshaft of the engine; a magnet disposed on the 
flywheel; and an ignition coil. The ignition is effected by the 
high Voltage which is induced in the ignition coil by the 
magnet. 

However, in the case that a carburetor type engine is 
changed into a fuel injection engine which is Superior in 
Startability, operability just after Start and exhaust gas 
emission, newly added parts and complicated Structures are 
needed. 

In order to determine the fuel injection quantity and the 
injection timing of the fuel injection engine, it is necessary 
to discriminate the Speed (the rotating speed) and the phase 
of the engine. AS this discrimination means, there are usually 
used a pulsar coil and a rotary disc having a number of 
protrusions on its outer circumference. In the fuel injection 
type, therefore, in addition to the ignition coil, there are 
newly needed parts Such as the pulsar coil and the rotary 
disc, inviting a complicated Structure and increased cost. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a fuel injection engine which can make Simple and 
inexpensive means for determining a fuel injection quantity 
and an injection timing. 

According to the first aspect of the present invention, a 
fuel injection engine comprises: a fuel injector for injecting 
a fuel into intake air; an ignition coil for activating an 
ignition plug by generating an ignition current Synchronized 
with the rotation of the engine; and an injection control 
device for controlling the injection quantity and the injection 
timing of the fuel injector, wherein the injection control 
device determines the engine Speed and phase by using an 
ignition current extracted from a primary coil Side of the 
ignition coil to control the injection quantity and the injec 
tion timing of the fuel injector. 

According to the fuel injection engine, the ignition current 
from the ignition coil can be used as the timing Signal to 
control the injection quantity and the injection timing of the 
fuel injector. Therefore, the pulsar coil and the rotary disc, 
as have been essential for the fuel injection engine of the 
prior art, can be dispensed with to reduce the number of parts 
and to lower the manufacturing cost. 

Preferably, the engine is a V-type 2-cylinder engine, and 
the ignition coil is provided for each cylinder. Thus, the 
timing Signals of unequal pitches out of phase shifts of 90 
degrees and 270 degrees are obtained from the ignition coils 
which are provided for the V-type 2-cylinder engine having 
a bank angle of 90 degrees, for example. By using these 
unequal pitch Signals, therefore, the cylinder can be dis 
criminated without any other discrimination circuit So that 
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2 
the injection quantity and the injection timing of the fuel 
injector can be controlled independently for any of the 
cylinders. 

Preferably, the injection control device is using a micro 
computer. 

Preferably, the fuel injection engine further comprises: a 
flywheel mounted on a crankshaft, and a magnet disposed on 
the rotary face of the flywheel, wherein the ignition coils 
having a predetermined clearance from the magnet are 
disposed to be circumferentially Spaced by a predetermined 
angle on the engine. 

Preferably, the magnet is disposed on the outer circum 
ference of the flywheel, and the ignition coils disposed 
outside of the flywheel have a core, and the core has a 
predetermined clearance from the magnet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described with reference to the 
following drawings, wherein: 

FIG. 1 is a front elevation schematically showing a fuel 
injection engine according to an embodiment of the present 
invention; 

FIG. 2 is an ignition coil diagram in the engine; 
FIG. 3 is a block diagram of fuel control means added to 

the ignition coil in the engine; and 
FIG. 4 is a graph showing a detected Signal waveform in 

the engine. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

A fuel injection engine according to an embodiment of the 
present invention will be described with reference to FIG. 1 
to FIG. 4. In FIG. 1, an engine E is a Small-sized, general 
purpose V-type 2-cylinder 4-cycle engine to be employed as 
a drive Source for an agricultural machine, an industrial 
machine or the like. The engine E is provided with first and 
Second cylinderS 11 and 12 which are arranged in a V-shape 
on the axis CT of a crankshaft 20. In this embodiment, the 
two cylinders 11 and 12 have a bank angle C. set to 90 
degrees, considering the problem of Vibrations. Intake air 15 
is Sucked from an air cleaner 13 via an intake passage 14 into 
the two cylinders 11 and 12. The intake passage 14 is 
provided with a fuel injector 6 for each of the cylinders 11 
and 12. The fuel is injected from the fuel injectors 6 into the 
intake air 15 flowing in the intake passages So that air-fuel 
mixtures are produced. 
A magnet 2 is disposed at a predetermined position of the 

outer circumference of a flywheel1 which is mounted on the 
crankshaft 20. A first lefthand ignition coil 31 and a second 
righthand ignition coil 32 are arranged at positions to 
confront the outer circumference of the magnet 2 with a 
predetermined clearance CL and are circumferentially 
Spaced by the predetermined bank angle C. A first ignition 
plug 41 is connected with the first ignition coil 31, and a 
Second ignition plug 42 is connected with the Second igni 
tion coil 32. Each of these first and second ignition coils 31 
and 32 is provided with a U-shaped core C, a primary coil 
L1 and a Secondary coil L2. AS shown in FIG. 2, an ignition 
current Signal e extracted from the primary coil side is 
inputted as a timing Signal to an injection control device 5 
So that the injection quantity and the injection timing of the 
fuel can be computed. 
The ignition coils 31 and 32 are based on the current 

interrupting method, in which a high Voltage is generated on 
the Secondary coil side L2 by interrupting a primary current 
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in the primary coil side L1 induced by the rotation of the 
flywheel 1, and act as will be described in the following. 

1) As the magnet 2 is moved by the rotation of the 
flywheel 1, a Voltage is generated in the primary Side 
coil L1 so that a base current IB1 flows at first to a 
power transistor Tr1. An amplified collector current Ic1 
flows through the ON power transistor Tr1 to form a 
primary circuit. 

2) As the flywheel 1 further rotates, the voltage to be 
generated at the primary Side coil L1 rises to reach the 
ignition timing position. At this timing, the generated 
voltage exceeds a resistor (i.e., a resistor for regulating 
the base current of Tr2) r2 so that a base current IB2 
begins to flow to a drive transistor Tr2. Simultaneously 
with the flow of IB2, the Tr2 is turned ON so that a 
collector current Ic2 flows. 

3) Since the internal resistance of the drive transistor Tr2 
is far lower than that of the power transistor Tr1, 
however, the IB1 having been flowing through the Tr1 
until then turns wholly into the Ic2 to flow through the 
Tr2. 

4) Thus, the base current IB1 instantly stops flowing to the 
power transistor Tr1 So that the large current Ic1 having 
been flowing through the primary coil L1 until then is 
abruptly interrupted. 

5) As a result of this abrupt current change of the primary 
circuit, a high Voltage is generated in the Secondary coil 
L2 So that a Spark is generated at the ignition plug 41 
(42) to ignite the fuel mixture. Here, reference charac 
ter r1 designates a base current regulating resistor for 
the Tr1. 

In the fuel injection engine, the injection control device 5 
is connected with the primary coil Sides of the ignition coils 
31 and 32, and the engine Speed and phase can be deter 
mined by the injection control device 5 on the basis of the 
ignition current signal e extracted from the primary coil 
sides of the ignition coils 31 and 32 to thereby control the 
injection quantity and the injection timing of the aforemen 
tioned fuel injector. 
As shown in FIG. 3, the injection control device 5 has a 

microcomputer for calculating the speed (the rotating speed) 
of the engine by Speed computing means 7 in response to the 
ignition current Signal e, and then determines the injection 
quantity of the fuel to be injected from the fuel injector 6 into 
the intake passage, by injection quantity determining means 
8. Moreover, the phase can be discriminated from the 
ignition current Signale, which is also inputted to injection 
timing determining means 9 to determine the injection 
timing. This injection timing is inputted to injection control 
means 10 together with the injection quantity determining 
information from the injection quantity determining means 
8. In accordance with this input information, the injection 
control means 10 feeds an electric current from a not-shown 
battery, at a predetermined timing and for a predetermined 
time period to the fuel injector 6, so that the fuel injector 6 
is opened at the predetermined timing and for the predeter 
mined time period to inject the fuel at the predetermined 
injection timing and in the injection quantity. 

The ignition current Signale has a Signal waveform shown 
in FIG. 4. In the case of the V-type 2-cylinder engine, for 
example, the ignition coil 31 of the first cylinder 11 and the 
ignition coil 32 of the second cylinder 12 shown in FIG. 1 
are arranged at the Spacing of 90 degrees. During the one 
rotation of the flywheel 1 mounted on the crankshaft, 
therefore, the ignition current Signale of FIG. 4 is produced 
twice at an unequal angular spacing of 1:3. In other words, 
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4 
the peaks of the waveform by the ignition current signal e 
appear not at an equal spacing of 180 degrees, but at an 
unequal angular spacing (or an unequal pitch) of 90 degrees 
and 270 degrees So that the ignition current Signals for the 
first cylinder and the Second cylinder can be discriminated. 
For example, a proceeding Signal e1 is employed in the fuel 
injection control for the first cylinder, and a signal e2 
Succeeding at a spacing of 90 degrees is employed in the fuel 
injection control for the Second cylinder. Thus, it is possible 
to determine the injection timings easily for the individual 
cylinder. 

For a simpler control, the injection timing may be deter 
mined for each cylinder with reference to one of the Signals 
e1 and e2 or may be determined commonly for the indi 
vidual cylinders. Moreover, the fuel can be injected at a 
predetermined timing with reference to the first signal 
detected, when the cylinder is not discriminated, Such as at 
the Starting time, and can be injected, after being 
discriminated, in the phase which has been determined in 
advance for each cylinder. 

In the embodiment thus far described, in response to the 
ignition current Signale of FIG. 4 extracted from the primary 
sides of the ignition coils 31 and 32 of FIG. 1, the engine 
Speed (or the rotating Speed) and the phase are calculated by 
the injection control device 5 to control the injection quan 
tity and the injection timing of the fuel injector. By con 
necting the injection control device 5 with the existing 
ignition coils 31 and 32, therefore, the fuel injection can be 
controlled while eliminating the pulsar coil and the rotary 
disc (Such as the flywheel) having a number of protrusions, 
which might otherwise be needed in the prior art. It is, 
therefore, possible to reduce the number of parts and to 
lower the production cost. Moreover, the flywheel 1 with the 
magnet and the ignition coils 31 and 32 can be shared 
between the carburetor type engine and the fuel injection 
type engine to make the cost lower. 
At the time of determining the fuel injection quantity, 

detected data of a pressure Sensor, an intake temperature 
Sensor and a water temperature Sensor (not shown) may be 
all inputted to the Electronic Control Unit (the injection 
control device 5) and used as means for determining the 
injection quantity So that the optimum fuel injection quantity 
is determined. 
While the foregoing embodiment has been exemplified 

for use with a V-type 2-cylinder engine, the present inven 
tion can also be likewise applied to other engines, Such as a 
Single-cylinder engine or an in-line type multiple cylinder 
engine. 
Numerous modifications and alternative embodiments of 

the present invention will be apparent to those skilled in the 
art in View of the foregoing description. Accordingly, this 
description is to be construed as illustrative only, and is 
provided for the purpose of teaching those skilled in the art 
the best mode carrying out the invention. The detail of the 
Structure and/or function may be varied Substantially with 
out departing from the Spirit of the invention and all modi 
fications which come within the Scope of the appended 
claims are reserved. 
What is claimed is: 
1. A fuel injection engine comprising: 
a fuel injector for injecting a fuel into intake air; 
an ignition coil for activating an ignition plug by gener 

ating an ignition current Synchronized with rotation of 
the engine; and 

an injection control device for controlling the injection 
quantity and the injection timing of the fuel injector; 

wherein the injection control device determines engine 
Speed and phase by using an ignition current extracted 
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from a primary coil side of the ignition coil to control 
the injection quantity and the injection timing of the 
fuel injector. 

2. A fuel injection engine according to claim 1, 
wherein the engine is a V-type 2-cylinder engine, and 
two ignition coils are provided, one for each cylinder. 
3. A fuel injection engine according to claim 1, 
wherein the injection control device includes a micro 

computer. 
4. A fuel injection engine according to claim 2, further 

comprising: 
a flywheel mounted on a crankshaft; and 
a magnet disposed on a rotary face of the flywheel, 
wherein the ignition coils have a predetermined clearance 

from the magnet and are disposed to be circumferen 
tially Spaced by a predetermined angle on the engine. 

5. A fuel injection engine according to claim 4, 
wherein the magnet is disposed on the outer circumfer 

ence of the flywheel, 
the ignition coils include a core, 
the ignition coils are disposed radially beyond the 

flywheel, and 
the core has a predetermined clearance from the magnet. 
6. A fuel injection engine according to claim 1, 
wherein the engine is a multiple cylinder engine with an 

ignition coil provided for each cylinder. 
7. A fuel injection engine according to claim 6, 
wherein an ignition current signal from each ignition coil 

is discriminated by the injection control device. 
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8. A fuel injection engine according to claim 7, 
wherein an ignition current Signal from one ignition coil 

asSociated with one cylinder controls injection quantity 
and injection timing for another cylinder. 

9. A method for controlling fuel injection quantity and 
injection timing of a fuel injector in a fuel injection engine 
having at least one fuel injector for injecting a fuel into 
intake air, at least one ignition coil for actuating an ignition 
plug by generating an ignition current Synchronized with 
rotation of the engine, and an injection control device, the 
method comprising: 

extracting an ignition current from a primary Side of the 
at least one ignition coil; 

determining engine Speed and phase from the extracted 
ignition current; and 

controlling a fuel injection quantity and fuel injection 
timing based on the determined engine Speed and 
phase. 

10. A method according to claim 9, wherein multiple 
ignition coils are provided, the method further comprising: 

discriminating an ignition current signal from each of the 
plurality of ignition coils. 

11. A method according to claim 10, further comprising: 
using the discriminated ignition current Signal from one 

ignition coil associated with one engine cylinder to 
control the fuel injection quantity and fuel injection 
timing of a fuel injector for another engine cylinder. 
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